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Dose—Response Relation Between Work Hours and
Cardiovascular Disease Risk
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Objectives: The aim of this study was to examine the presence of a dose—
response relationship between work hours and incident cardiovascular
disease (CVD) in a representative sample of U.S. workers. Methods: A
retrospective cohort study of 1926 individuals from the Panel Study of
Income Dynamics (1986 to 2011) employed for at least 10 years. Restricted
cubic spline regression was used to estimate the dose—response relationship
of work hours with CVD. Results: A dose—response relationship was
observed in which an average workweek of 46 hours or more for at least
10 years was associated with an increased risk of CVD. Compared with
working 45 hours per week, working an additional 10 hours per week or more
for at least 10 years increased CVD risk by at least 16%. Conclusion:
‘Working more than 45 work hours per week for at least 10 years may be an
independent risk factor for CVD.

BACKGROUND

C ardiovascular disease (CVD), a group of disorders of the heart

and blood vessels, affects more than one in three U.S. adults
and is the leading cause of mortality in the U.S." Despite declining
numbers of CVD-attributable deaths since the 1980s,' morbidity
and mortality due to CVD are projected to remain high for at least
the next several decades, with the estimated prevalence of CVD
exceeding 40% by 2030.

Numerous studies have reported a positive association
between long work hours (eg, work hour durations in excess of a
standard work week) and increased CVD risk,>® although the
finding is not universal.” Similarly, most, 89 but not all,10 recent
meta-analyses examining CVD or the more limited diagnosis of
coronary heart disease (CHD) have demonstrated an association
with long work hours. Changes in the activity of the autonomic,
sympathetic, and/ or parasympathetic nervous systems have been
suggested as potential mechanisms through which working long
hours influences cardiovascular health, as has increased blood
pressure.!! Substantial evidence exists that working long hours is
associated with many CVD-related risk factors (eg, hyperten-
sion,'>! heart rate variability,"* smoking,'® physical inactivity,'>
stress,'>!% and depression'”), and it has been suggested that increas-
ing work hour durations may have a dose—response relationship
with CVD.>'*
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Learning Objectives

o Discuss the findings and limitations of previous studies of the
relationship between long work hours and increased
cardiovascular disease (CVD) risk, including associated
factors and proposed mechanisms.

e Summarize the new evidence of a ‘dose-response”
relationship between work hours and CVD risk, based on
long-term follow-up in a representative US sample.

o Identify the study’s potential implications for CVD prevention
efforts.

To our knowledge, no study has focused on evaluating the
presence of a dose—response relationship between continuous
measures of weekly work hour durations and CVD. Further, there
currently exists no study on the relationship between average
weekly work hour estimates and CVD using longitudinal data from
a large, representative sample of U.S. workers. The purpose of the
present study was to assess the association between work hours and
incident CVD, including the presence of a dose—response relation-
ship, in a representative sample of U.S. workers drawn from the
Panel Study of Income Dynamics (PSID) and followed for a
minimum of 10 years.

METHODS

Study Population

We conducted a retrospective cohort study utilizing existing
data collected from participants enrolled in the PSID, which has
been described in detail elsewhere.'®** Briefly, the PSID is an
ongoing longitudinal survey of a representative sample of U.S.
households performed annually from 1968 until 1997 and biennially
since 1999.%° Participants have been surveyed on their work hours
since 1968 and on specific health outcomes, including CVD, since
1999. The PSID response rates have been over 90% since 1970°%;
currently, more than 22,000 individuals in 9000 families are active
participants in the PSID sample.'’

In the present study, we included PSID participants aged 18
years or older at baseline (1986) and followed them through 2011.
Individuals were included who reported non-zero work hours for a
minimum of 10 years. Those under the age of 18 years in 1986
(n=10,279) and those reporting fewer than 10 years of non-zero
work hour data over the study duration (n = 8603) were excluded.
Participants also had to be free of CVD during the first 10 years of
non-zero work hours. We excluded those who reported CVD before
accumulating 10 years of non-zero work hours (n=467) or at
baseline (n=658), as well as those missing CVD data (n=364).
In addition, participants with other prevalent chronic health
conditions or disabilities at baseline (n=2529) or missing those
data (n =119) were excluded. The final sample for these analyses
included 1926 workers.
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Data Collection

For each year in the study, the total annual hours of work was
calculated from self-reported data for the previous year using
information on the number of jobs worked; the mean number of
hours worked per week per job; the amount of overtime worked per
week, on average; the number of weeks of worked missed for any
reason (ie, illness, vacation, strike, unemployment, or layoff); and
the start and stop dates for up to four jobs. The total annual hours of
work for each year was divided by 50 weeks to generate the total
number of work hours per week (WH/w) in the previous year on
all jobs.

For the outcome of CVD, participants were asked to report
whether they had ever been told by a physician that they had angina,
CHD, congestive heart failure, a heart attack, high blood pressure/
hypertension, or stroke. The first affirmative report of any of these
CVD-related conditions was coded as incident CVD.

Occupational data from each survey wave were collected and
dichotomized as follows: industry (service vs nonservice), occu-
pation (manual vs nonmanual), pay status (hourly vs salary), and
employment type (self-employed vs employed by other). Socio-
demographic data were also collected, including age, sex, marital
status (married/cohabitating vs not married/not cohabitating), edu-
cation level (did not complete high school; high school diploma; or,
college degree), and race/ethnicity (white, non-Hispanic; Black,
non-Hispanic; Hispanic; or, other). In addition, household member-
ship data were collected, including number of children in the
household, household, and individual income (eg, annual household
income, annual individual income by job, annual overtime income),
household and individual expenses (eg, monthly rent/mortgage
payment, annual child care expenses), and health insurance status
(yes/no).

Statistical Analysis

We first described, with frequencies and percentage or means
and standard errors, the study sample according to its socio-demo-
graphic and occupational characteristics at baseline by CVD status
at follow-up. Adjusted Wald tests and Pearson x> statistics were
used to compare the means of continuous covariates and prevalence
of categorical covariates, respectively.

Administrative censoring of those participants reporting an
outcome event occurred following the first report; work hour data
for cases were censored in the year in which the incident case was
reported and no subsequent data specific to that outcome were
analyzed on those individuals. The relative risk (RR) of incidence
CVD and 95% confidence intervals (CIs) were estimated using
Poisson regression in relation to the average weekly hours worked,
adjusting for age, sex, education, race/ethnicity, and pay status; an
offset variable was used to adjust for variations in exposure duration
for years worked. Covariates were paired with each other and with
the exposure of interest to assess the presence of interaction.
Because it has been suggested that part-time workers may be at
a greater risk of CVD than full-time workers,'" a stratified analysis
of part-time (participants averaging <35 WH/w over the study
duration) and full-time (averaging >35WH/w over the study
duration) workers was performed.

A Lowess smoothing curve and a plot of work hour quartile
coefficients versus means were visually inspected to assess the
linearity of the exposure variable in the Poisson model, both of
which indicated departure from linearity. As a result, a Poisson-
restricted cubic spline model was selected for the analysis of the
dose—response relationship for work hours (ie, a continuous
measure of average WH/w over the study duration) and CVD,
which took into account clustering (ie, household membership)
and probability weighting and which used robust standard
errors.>!?? Restricted cubic splines were preferred due to their

flexibility in modeling the underlying functional form, given that
they allow a parabolic curve to connect the line segments at the
points of intersection®® and reduce the instability of the estimates at
the tails of the curve.* The optimal number of segments was
selected by introducing an increasing number of knots at subsequent
quantiles into the model. The best fitting model was defined as the
one that minimized the Akaike Information Criterion (AIC)?’; that
model had three knots placed at 35.01, 40.06, and 46.12 WH/w.

We tested the performance of the restricted cubic spline
model against other candidate models (ie, Poisson log-linear;
Poisson quadratic model, in which a quadratic term for the exposure
was added to the model; Poisson step function, in which the
exposure was categorized; the Poisson restricted linear spline
model); all models under consideration (including the cubic spline
model) were constructed as a set of hierarchical regression models.
The restricted cubic spline model was chosen on the basis of its
relative performance in terms of parsimony (ie, degrees of freedom)
and model fit (ie, the Hosmer Lemeshow goodness-of-fit statistic
and the Bayesian Information Criteria). The linear and cubic spline
models were superior to the other models in terms of model fit but
not degrees of freedom; the cubic spline model performed better
than the linear spline model in terms of degrees of freedom.

Because coefficients associated with cubic spline segments
are not themselves interpretable, the cubic spline regression coef-
ficients were used to generate the equation for the cubic spline
regression. We then introduced specific work hour durations into the
cubic spline equation and calculated the RRs of those work hour
durations against a reference duration of 45 WH/w. We selected an
average of 45 WH/w as our basis for comparison in order to reflect
the patterns of work typically reported by U.S. workers®® and
to generate more conservative comparisons relative to 40hours
of work per week.

All analyses were performed using Stata/SE software
(version 13.1; Stata Corp, College Station, TX).

RESULTS

Table 1 presents baseline descriptive statistics for the entire
study population (n = 1926). Slightly more than half of participants
were male (52.4%). The mean age of participants was 32.8 years
(SE: 0.3; range: 18 to 65, data not shown). White, non-Hispanic
individuals comprised the largest racial/ethnic group (88.8%),
followed by black, non-Hispanics (6.2%), and Hispanics (3.2%).
The majority of participants worked in service industries (70.5%)
and in nonmanual occupations (73.5%). They were also more likely
to be employed by others (ie, not self-employed; 84.1%) and to be
salaried (45.6%). Participants averaged 39.2 hours of work per week
(S.E.: 0.3; range: 0 to 103.2, data not shown).

At study baseline, those who developed CVD were older,
more likely to be nonwhite, and reported a greater number of
children residing in the household than non-cases; they were also
more likely to be self-employed. Differences in baseline mean work
hours were noted between outcome groups, with participants with
CVD at follow-up having reported an average work week at baseline
that was 2hours longer than that of participants without CVD at
follow-up (37.5 vs 35.5 hours, respectively; P =0.032). No differ-
ences were observed for other demographic and occupational
characteristics by outcome status.

Over the study duration, 822 participants (or 42.7%) reported
physician-diagnosed incident CVD. Individuals who developed
CVD were more likely to report working full-time than those
who did not develop CVD (72.8% vs 67.2%, respectively;
P=0.038), and they worked an average of 1.5hours more per
week than those who did not develop CVD (40.1 vs 38.6 hours,
respectively; P=0.012). The mean number of survey waves for
which participants reported work hour data was 16.3 (SE: 0.1) out of
19 waves of follow-up, with a statistically significant difference
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TABLE 1. Demographic and Occupational Characteristics of Study Sample at Baseline by Cardiovascular Disease Status: Panel

Study of Income Dynamics, 1986-2011

All Incident Cardiovascular Disease”
n=1926 Cases n =822 (40.7%) Noncases n =1104 (59.3%) Pt
Sex 0.109*
Male 979 (52.4) 446 (56.3) 533 (51.5)
Female 947 (47.6) 376 (43.7) 571 (48.5)
Age (yrs) <0.001*
Mean (standard error) 32.8 (0.3) 35.5(0.4) 30.9 (0.3)
Educational level (highest completed) 0.325%
Did not complete high school 159 (7.0) 79 (7.3) 80 (7.1)
High school diploma 1187 (60.2) 491 (58.2) 696 (59.4)
College degree 580 (32.8) 252 (34.5) 328 (33.5)
Race/Ethnicity <0.001*
White, non-Hispanic 1439 (88.8) 549 (84.8) 890 (92.3)
Black, non-Hispanic 415 (6.2) 233 (8.5) 182 (4.2)
Hispanic 43 (3.2) 24 (3.8) 19 (2.3)
Other 24 (1.8) 13 (2.9) 11 (1.2)
Marital status 0.223*
Married/cohabitating 1591 (83.1) 664 (79.8) 927 (82.6)
Not married or cohabitating 335 (16.9) 158 (20.2) 177 (17.4)
Number of children in the household 0.043%
Mean (standard error) 1.11 (0.04) 1.18 (0.06) 1.04 (0.05)
Employment status 0.045*
Self-employed 216 (15.9) 104 (18.4) 112 (13.7)
Employed by others 1423 (84.1) 617 (81.6) 806 (86.3)
Industry 0.357F
Services 1159 (70.5) 497 (69.7) 662 (72.4)
Nonservices 486 (29.5) 224 (30.3) 262 (27.6)
Occupational social class 0.347
Manual 488 (26.5) 228 (28.2) 260 (25.6)
Nonmanual 1170 (73.5) 499 (71.8) 671 (74.4)
Pay status 0.2854
Salaried 695 (45.6) 290 (44.9) 405 (49.2)
Hourly 737 (39.5) 335 (39.2) 402 (37.8)
Other arrangement 227 (14.9) 103 (15.9) 124 (13.0) )
Work hours per week 0.032*
Mean (standard error) 36.3 (0.4) 37.5 (0.7) 35.5 (0.6)

“Proportions adjusted for probability weighting.

TAll calculations take into account clustering and probability weighting.
Pearson X test.

SAdjusted Wald test.

seen between those who did and did not develop CVD (14.5 vs 17.5
waves, respectively; P < 0.001); this was expected due to postevent
censoring of work hour data. In addition, the mean time to diagnosis
for those who developed incident CVD was 17.4 years (SE 0.2).
Among those individuals averaging full-time work weeks, 88.0%
reported working full time for the entirety of the study duration;
among part-time workers, 66.7% reported working part time for the
entire study duration.

There was no evidence of an elevated risk of CVD for each
increasing hour of work per week (RR: 1.00; 95% CI 1.00 to 1.01;
P =0.356) in the univariate analysis (Table 2). However, adjusting
for age, sex, race/ethnicity, and pay status, there was evidence of a
1% increase in the risk of CVD for each additional hour worked per
week, on average, for a minimum of 10 years (RR: 1.01; 95% CI
1.00 to 1.02; P =0.014). The same 1% increase in CVD risk was
observed among full-time workers but not among part-timers
(Table 3). No significant results were seen in the tests for interaction
using conventional criteria (ie, interaction term P < 0.05).

In our examination of a dose—response relationship using the
restricted cubic spline model, we observed a decrease in the risk of
CVD as work hours increased among those who worked fewer than
30hours per week (Fig. 1). Among those who worked more than
30hours per week, CVD risk increased as weekly work hours

© 2016 American College of Occupational and Environmental Medicine

approached 40hours per week, but declined again between 40
and 46 WH/w. Beginning at 46 WH/w, increasing work hours were
progressively associated with an increased risk of CVD. Evidence of
a statistically significant departure from linearity was noted for the
cubic spline function (P =0.0274).

Compared with those who worked on average 45 hours per
week for 10 years or more, we observed a 16% (RR: 1.16; 95% CI
1.02 to 1.32) and a 35% (RR: 1.35: 95% CI 1.07 to 1.72) increase in
CVD risk in participants working 55 and 60hours per week,
respectively, over the same duration (Table 4). Evidence of an
increased risk of incident CVD continued as the average work hour
durations increased to 75 hours per week.

DISCUSSION

To our knowledge, this is the first report of findings pertaining to
an assessment of a dose—response relationship between work hours and
incident CVD. In general, we found that the risk of CVD increased as
average weekly work hours increased. The shape of the dose—response
curve suggested that the most substantial risk was among those working
46 hours per week or greater, on average, for at least 10 years. However,
we observed a difference in the risk profiles of part-time and full-time
workers, as no association was seen between hours worked and CVD in
part-time workers. This may indicate the existence of morbidities or

223

Copyright © 2016 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited



Conway et al JOEM e Volume 58, Number 3, March 2016

TABLE 2. Association Between Work Hours and Incident Cardiovascular Disease: Panel Study of Income Dynamics, 1986-

2011
Univariate Model* Multivariate Model”

Variable RR (95% CI) RR (95% CI)
Work hours per week' 1.00 (1.00—1.01) 1.01 (1.00—1.02)*
Age 1.03 (1.02-1.04) 1.03 (1.03—1.04)
Sex

Female 1.00 Referent 1.00 Referent

Male 1.11 (0.97-1.27) 1.07 (0.91-1.25)
Race/Ethnicity

‘White, non-Hispanic 1.00 Referent 1.00 Referent

Black, non-Hispanic 1.56 (1.32—-1.84) 1.64 (1.37-1.97)

Hispanic 1.37 (0.93-2.02) 1.35 (0.97-1.88)

Other 1.50 (1.00-2.25) 1.28 (0.87-1.89)
Pay status

Salaried 1.00 Referent 1.00 Referent

Hourly 1.10 (0.95-1.28) 1.17 (1.02—1.35)

95% CI, 95% confidence interval; RR, relative risk.

“All calculations take into account clustering and probability weighting.
fContinuous measure of average work hours per week over the study duration.
P <0.05.

habits in part-time workers that limit their work hours and influence their of CVD among those exposed to long work hours (the definition of

health, as individuals averaging part-time work weeks may be doing so
for disparate reasons such as physical limitations, seasonal employment,
or personal scheduling preferences. In addition, it should be noted that
CVDrrisk decreased among full-time workers between 40 and 46 WH/w,
which may reflect a window in which work is protective due to its
associated benefits, but without the excessive time burden that would
preclude achieving adequate physical and psychological rest or engag-
ing in beneficial physical activity.

There is a long history of research on the relationship
between occupational stressors and CVD,?” and this study agrees
with the findings of two recent meta-analyses, which presented
evidence that the risk of CVD increased as working hours
increased.”'® Kang et al'® reported a 37% increase in the odds

which varied by study) compared with those unexposed (95% CI
1.11 to 1.70), which was not influenced by age, geographical
location, or study year. A subgroup analysis of participants working
55 hours per week or less attenuated the relationship between work
hour duration and CVD [odds ratio (OR) 1.28; 95% CI 0.85 to
1.91]1." Virtanen et al’ demonstrated that working long hours
(definition varied by study) was associated with an estimated
80% increase in the risk of CVD (RR: 1.80; 95% CI 1.42 to
2.29). In a series of subgroup analyses, they reported that studies
defining LWH as a threshold above 50 WH/w had substantially
higher RRs than those studies defining LWH as a threshold equal to
or below 50 WH/w (RR <50 WH/w: 1.41; 95% CI 1.14 to 1.74 vs
RR >50WH/w: 2.37; 95% CI 1.56 to 3.59).° However, neither

TABLE 3. Association Between Work Hours and Incident Cardiovascular Disease in Part-Time (Averaging <35 Work Hours Per
Week) and Full-Time (Averaging >35 Work Hours Per Week) Workers: Panel Study of Income Dynamics, 1986-2011

Part-Time Workers (n =592) Full-Time Workers (n =1334)

Univariate Model" Multivariate Model” Univariate Model* Multivariate Model”

Variable RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Work hours per week' 0.98 (0.96—1.00) 0.99 (0.96—1.02) 1.01 (1.00—1.02) 1.01 (1.00—1.02)*
Age 1.02 (1.01-1.03) 1.04 (1.02—1.05) 1.04 (1.03—1.04) 1.04 (1.03—1.05)
Sex

Female 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Male 1.29 (0.93-1.80) 0.89 (0.60—1.31) 1.06 (0.89—1.27) 1.04 (0.84—1.29)
Race/Ethnicity

White, non-Hispanic 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Black, non-Hispanic 1.87 (1.38-2.53) 2.01 (1.27-3.17) 1.45 (1.18-1.78) 1.67 (1.29-2.15)

Hispanic 1.27 (0.64-2.52) 1.22 (0.62-2.43) 1.44 (0.91-2.27) 1.58 (1.07-2.33)

Other 1.59 (0.78-3.27) 1.75 (0.95-3.23) 1.47 (0.92-2.34) 1.39 (0.85-2.25)
Pay status

Salaried 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

Hourly 1.26 (0.90-1.75) 1.21 (0.85-1.71) 1.07 (0.91-1.27) 1.15 (0.96—1.39)

95% CI, 95% confidence interval; RR, relative risk.

“All calculations take into account clustering and probability weighting.
fContinuous measure of average work hours per week over the study duration.
P <0.05.
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Expected CVD
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FIGURE 1. Restricted cubic spline model for the relationship
between long work hours and incident cardiovascular disease:
Panel Study of Income Dynamics, 1986 to 2011.

analysis included data from a representative sample of U.S. workers
nor were they focused on the presence of a dose—response relation-
ship. Kivimiki et al'® found no evidence of a dose—response
relationship between work hours and the more limited outcome
of CHD. In addition, no association was seen between work hours
and CHD in a subgroup analysis restricted to U.S. samples, although
it is unclear if the combined sample was representative of U.S.
workers. In each of these meta-analyses, work hour data were
dichotomized or categorized without explanation of the selection
of the groupings. Given the lack of evidence for the use of a specific
quantity of work hours or set of work hour categories as indicative of
health risk, we utilized a continuous measure of work hours in
these analyses.

A notable finding from our study was the evidence of a dose—
response effect, in which the number of hours worked per week for a
minimum of 10 years was positively associated with an increasing
risk of CVD. Significant relationships between hours worked and
CVD were found in each of the models under consideration in the
present analyses. Compared with the cubic spline model, however,
the other models may have lacked the flexibility to adequately
capture the relationship between hours worked and CVD. Because
cubic spline modeling accounts for variation among the data within
categories as well as across categories, the resulting dose—response

TABLE 4. Risk of Cardiovascular Disease at Specific Average
Weekly Work Hour Durations Compared With the Risk at

45 Hours of Work per Week, on Average, for a Minimum of
10 Years, as Estimated From Cubic Spline Regression
Equation: Panel Study of Income Dynamics, 1986-2011

Multivariate Model ™'

Weekly Work Hours RR 95% CI)
45 1.00 Referent

50 1.03 (0.96-1.10)
55 1.16 (1.02-1.32)
60 1.35 (1.07-1.72)
65 1.52 (1.10-2.10)
70 1.74 (1.14-2.64)
75 2.03 (1.19-3.48)

95% CI, 95% confidence interval; RR, relative risk.
“All calculations take into account clustering and probability weighting.
"Model adjusted for age, sex, race/ethnicity, and pay status (hourly vs salaried).

curve does not assume linearity, as is the case with the Poisson
model, and it may be less sensitive to category choice than models
such as the step model.?®

A strength of this study, then, is that we were able to construct
a hierarchical set of nested regression models, which provided
advantages over conventional regression models when adjusting
for covariates that are strongly interrelated® as well as when
examining possible nonlinear relationships between exposure and
risk. 230 Although we acknowledge that the selection of the best
fitting model involved some subjective criteria, assigning categories
or spline knots to produce better fitting models would have required
a priori knowledge that is currently unavailable. Instead, an iterative
process was undertaken to determine the best placement of the knots
given the data, and the shape of the curve was assessed.

Restricted cubic spline regression offered the advantage of
parsimony as well as smoothness and flexibility in the shape of the
dose—response curve and was considered superior to the other
models under consideration. However, one drawback of cubic spline
models is that the coefficients associated with the spline segments
are not interpretable.’! As an alternative, specific work hour
durations can be compared by entering those values into the
regression equation. Using this method, we found evidence that a
10-hour increase from 45 to 55 WH/w, on average, for a minimum of
10 years increased the risk of CVD by 16%. These results were not
attenuated by sex, and no evidence of effect measure modification
was found in terms of sex, industry, or occupation.

PSID data lacked several potentially influential covariates,
including many known risk factors for CVD, which may have
resulted in residual confounding. Our measures of interest (ie, work
hours, CVD status) were self-reported, which may have introduced
bias into the analysis. However, validation studies have demon-
strated strong agreement between medical records and most self-
reported CVD-related symptoms and events>>>* as well as strong
positive correlation between cross-sectional PSID self-reported
total hours worked in the previous year and weekly work hours
reported by employers.®> Although PSID data are nationally rep-
resentative of U.S. households, the proportion of Black (non-His-
panic) and Hispanic participants was reduced in our study sample
due to nonresponse. Finally, given that the mean time to diagnosis
was 17.4 years out of a 25-year follow-up period, these data
provided adequate follow-up time for case development despite a
5-year difference in mean age at baseline between those who would
and would not develop CVD. This study benefits from the minimum
period of 10 years’ time at risk required for participant inclusion as
well as the censoring of exposure data in the survey year an incident
outcome was reported.

These analyses represent the first characterization of the
dose—response relationship between hours worked and CVD as
well as one of the few studies of long-term work hour exposure.5~3%
Given that a recent study suggested that adding information on work
hours to the Framingham risk score improved the predictive power
of the model in low-risk working populations,®’ future research on
the health impacts of work hour durations should focus on improv-
ing our understanding of the potential for a threshold of effect of
hours worked.
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